Animal mating systems are driven by the temporal and spatial distribution of sexually receptive females. In mammals, ground-dwelling squirrels represent an ideal clade for testing predictions regarding the effects of these parameters on male reproductive strategies. While the majority of ground squirrel species have a short, highly synchronous annual breeding season that occurs immediately after females emerge from hibernation, the Mexican or Rio Grande ground squirrel (Ictidomys parvidens) differs markedly in having an extended mating season (2 months) and a long delay between emergence from hibernation and female receptivity (1-2 months). Both traits are expected to favor polygyny by increasing the chances that a male can secure matings with multiple females (e.g., females that come into estrus on different days). To test this prediction, we used microsatellite markers to characterize the mating system of a population of Rio Grande ground squirrels from Carlsbad, New Mexico. Our analyses indicated a high frequency of multiple paternity of litters in this population. Paternity was not related to spatial overlap between known mothers and assigned fathers, suggesting that territory defense is unlikely to be an effective male reproductive strategy in the study population. Dominance interactions among males were frequent, with heavier males typically winning dyadic interactions. Surprisingly, however, males with lower dominance scores appeared to have higher reproductive success, as did males that were active over a greater extent of the study site. Collectively, these results suggest that the mating system of the Rio Grande ground squirrel is best described as scramble competition polygyny, with the primary male reproductive strategy consisting of searching for estrous females. Similar patterns of male-male competition have been reported for a few other ground squirrel species, providing potentially important opportunities for comparative studies of the factors favoring this form of male reproductive strategy.
A critical determinant of mammalian mating systems is the number of females with which a male mates. This number is influenced by multiple factors, including the spatial distribution of receptive females, the duration of receptivity by individual females, and the synchrony of receptivity within the population (Emlen and Oring 1977) . Collectively, these traits shape the operational sex ratio (OSR) of the population, which is defined as the ratio of reproductively active males to sexually receptive females (Emlen and Oring 1977; Waterman 2007) . While greater spatial dispersion of females is thought to constrain opportunities for multiple mating by males, increased temporal dispersion may favor polygyny by allowing individual males to interact with a series of reproductive partners (Emlen and Oring 1977) . In populations in which receptive females are both spatially and temporally dispersed (i.e., the OSR at any given moment is high), a large number of males compete for a small number of receptive females, and dominance hierarchies or competitive searching (i.e., scramble competition) are likely to occur (Emlen and Oring 1977) . Moreover, females employ their own mating strategies that may thwart male strategies, including multiple mating and post-copulatory mate choice (Eberhard 1996; Jennions and Petrie 2000; Solomon and Keane 2007) .
In many species of ground squirrels, particularly those living at higher latitudes characterized by highly seasonal environments, the active (nonhibernating) portion of the year is short (~ 4-5 months-Michener 1984) . Individual females are in estrus for approximately 1 day per year, with estrus occurring several days after emergence from hibernation (Michener 1984; Munroe and Koprowski 2011) . As a result, at the population level, estrus is highly synchronized and all breeding occurs within a period of several weeks (Michener 1984; Munroe and Koprowski 2011) . Under these conditions, territory defense and direct defense of females are common male reproductive strategies (Dobson 1984; Lacey and Wieczorek 2001; Kyle et al. 2007; Waterman 2007; Manno and Dobson 2008) , although neither is a guarantee against multiple mating or multiple paternity in a litter (Sherman 1989; Lacey et al. 1997; Waterman 2007; Manno and Dobson 2008) . The degree of sociality also predicts rates of multiple paternity across species, with multiple paternity being less common in species with higher levels of sociality (Munroe and Koprowski 2011) .
In contrast, for ground squirrels living at lower latitudes, more benign environments are associated with comparatively prolonged breeding seasons (Michener 1984; Waterman 1998; Schwanz 2006; Munroe and Koprowski 2011) . Each female is still receptive on only a single day of the year (Michener 1984; Dobson and Davis 1986; Munroe and Koprowski 2011) , but the extended breeding season is expected to increase the potential for males to pursue multiple receptive females. The associated increase in OSR suggests that competition will consist primarily of a combination of locating receptive females and engaging in direct agonistic interactions to maintain access to those females (Schwagmeyer and Brown 1983; Waterman 1998 ; but see Boellstorf et al. 1994) ; under these conditions, scramble competition is expected to be a common male strategy.
Unfortunately, mating systems in ground squirrel species with prolonged reproductive seasons have received relatively little attention, thereby precluding robust tests of this prediction. The Mexican or Rio Grande ground squirrel (Ictidomys parvidens) provides a potentially important opportunity to explore the effects of a prolonged breeding season on patterns of male reproductive competition. This species, which occurs in desert habitats in the southwestern USA and northern Mexico (Young and Jones 1982; see Helgen et al. 2009 for recent taxonomic revision of the genus Spermophilus), has a long active season (~7 months for adult males) and females do not enter estrus until 1-2 months after emerging from hibernation. At the population level, mating continues over a period of 2 months, from mid-April to mid-June (Schwanz 2006) . This protracted breeding season, likely driven by mild winters and summer monsoons, is expected to generate a large daily OSR that may favor males that are better able to locate and to compete directly for access to receptive females.
To test these predictions regarding the effects of a prolonged breeding season on male mating competition, we characterized patterns of male reproductive success in a population of I. parvidens from southeastern New Mexico. Specifically, we used a combination of field observations of behavior and molecular genetic analyses of parentage to quantify the prevalence of multiple paternity in this species. In addition, we examined whether male reproductive success is related to the degree of spatial overlap between individual males and females, to predictors of direct competitive ability (body mass and behavioral dominance, the tendency to consistently win agonistic interactions-Drews 1993), or to the extent to which individual males roam in search of potential reproductive partners. The first of these measures is consistent with female defense polygyny, the second is consistent with male dominance polygyny, and the third is consistent with scramble polygyny. In addition to providing the 1st quantitative description of the mating system of the Rio Grande ground squirrel, our analyses generate important insights into relationships among habitat conditions, life history parameters, and mating systems in ground-dwelling sciurids.
Materials and Methods
Study site and trapping.-Rio Grande ground squirrels (I. parvidens) were studied in a 2.9-ha city park in Carlsbad City, Eddy County, New Mexico (32°23′N, 104°14′W, elevation ~950 m) during the active seasons (March-November) of 2003 and 2004 . The study population was partially isolated from a larger population of Rio Grande ground squirrels that occur in a series of cultivated parks distributed along a ~3 km segment of the Pecos River (Schwanz 2006) . Density of the study population during the 2003 field season was 14.1 adults per hectare. Density during 2004 was substantially lower (6.6 adults/ha) due to a flood in April of that year that covered the majority of the study site for several days. This event, which occurred prior to the onset of the breeding season, resulted in the disappearance (and presumed mortality) of 89.5% and 76.9% of adult males and females in the study population, respectively. A total of 2 males and 4 females were still present after the flood; 12 new males and 1 new female had moved onto the site by the onset of breeding on 22 April 2004 (Schwanz 2006) .
Members of the study population were monitored at irregular intervals (4-34 days between visits) from April to November 2003 and March to November 2004. Squirrels were captured during daylight hours using Tomahawk live traps (model TLT201, 40.6 × 12.7 × 12.7 cm; Tomahawk Live Trap, CO., Hazelhurst, Wisconsin) baited with peanut butter and oats. Failure to visually detect unmarked animals suggested that effectively all members of the study population were captured (Schwanz 2006) . Upon 1st capture, animals were anesthetized with 15% halothane and 85% light paraffin oil. A small piece of tissue was collected from each ear pinna using small, surgical scissors. Tissue samples were stored in DMSO 4 -EDTA solution (Kilpatrick 2002 ) for later genetic analyses. A passive integrated transponder (PIT) tag (model TX1400L; Biomark, Inc., Boise, Idaho) was implanted between the shoulder blades, after which the pelage of each animal was marked with hair dye (Lady Clairol #124, Blue-Black) to allow visual identification during behavioral observations. The sex of each animal was determined based on anogenital distance and the presence of a distended scrotum (males) or enlarged nipples (females). Each time that an animal was captured, its body mass was recorded to the nearest 2 g and its reproductive status was recorded (testes fully, partially or not scrotal; nipples swollen or not swollen). Juveniles were trapped as soon as they were observed above ground and were marked and processed following the same procedures used for adults. Maternity was assigned to each juvenile based on spatial associations (submerging in the same burrow; foraging in close proximity) and behavioral interactions (response to alarm calls of trapped juveniles) between the juvenile and a specific adult female. All methods were approved by the Institutional Animal Care and Use Committee at University of New Mexico (Protocol #20301) and were consistent with the American Society of Mammalogists guidelines for research (Sikes et al. 2011) .
Behavioral observations.-Behavioral observations were recorded from several vantage points between mid-April and mid-August of 2003. Because individual markings were often indiscernible during early spring (due to initial challenges with the hair dye), the observations included in our analyses ranged from 26 May to 22 August 2003. Across this 88-day period, the mean interval between observational sampling periods was 2.6 days (range = 1-11). To increase the accuracy of data on animal locations, we visually divided the park into 5 sections of unequal size based on fixed features such as electrical poles, trees, athletic infrastructure, and a natural elevated ridge.
Scan sampling of animal locations (N = 434 scans conducted on 35 days spread over the 88-day data collection period) was performed at irregular intervals throughout the day (minimum interval between scans = 10 min; approximately 2 min required to complete each scan). During each scan, the locations and behaviors (see below) of all individuals visible from a given vantage point were recorded. A total of 44.7% of scans were completed on 26 May-15 June (during the mating period), with an additional 43.8% of scans completed on 16 June-18 July (after mating had ended) and the remaining 11.5% of scans recorded on 18 July-22 August. Scan sampling was conducted throughout the day (0800-1800 h), with most scans completed in the morning (39.2%; 0800-1200 h) and the afternoon (47.9%; 1300-1600 h), with the remaining 12.9% scans performed in the remaining hours.
Based on preliminary observations of the study animals, we identified 9 behaviors that were then recorded during scan sampling of individual locations; these behaviors were foraging (head to the ground or head up and chewing), standing in a hunch (rump on the ground but forelegs in the air), standing tall (standing upright on hindlegs, forelegs in the air), walking, approaching another animal, retreating from another animal, wrestling, lunging, and chasing. We recorded all dyadic interactions observed during scan sampling (typically consisting of singular events that did not require suspension of scan sampling) and on an ad-lib basis whenever such behaviors were observed outside of scan sampling. Specifically, we recorded which animal approached, whether chasing or wrestling occurred, and which animal retreated. All dyadic interactions observed occurred on 11 different days during the last weeks of the mating season (27 May-17 June 2003) , with an average of 2.1 days (range 1-7) between observation periods.
Three putative mating events were observed on separate days in May and June. In each case, a single female was pursued by 4-5 males. One of these females was not identified. Of the 2 remaining females, 1 was unmarked; the other, although marked, disappeared from the study site prior to the expected emergence date for her litter. Thus, unfortunately, the putative mating events observed during the study could not be linked to data on the paternity of specific litters of young.
Genotyping.-To determine genetic paternity, variation at 6 microsatellite loci was analyzed. DNA was extracted from ear tissue samples (> 0.01 g) using the QIAGEN DNeasy registered Tissue Kit. For most extractions, a 2nd eluate was collected, dehydrated with vacuum centrifuge, rehydrated with 25 ml ddH 2 O, and added to the 1st eluate. DNA concentration was measured with a Nanodrop registered ND-1000 spectrophotometer (ThermoScientific, Wilmington, Delaware), and a 20 ng/µl DNA dilution of each sample was prepared. Primers for 9 microsatellite loci developed for Columbian ground squirrels (Urocitellus columbianus-Stevens et al. 1997; C. Strobeck, University of Alberta, Edmonton, Alberta, Canada, pers. comm.) were evaluated for use in I. parvidens (IDT, Inc., Coralville, Iowa). All loci consisted of dinucleotide (TG n ) repeats in U. columbianus. Following optimization (see below), 7 of these loci were screened for allelic diversity in the study population (Table 1) . Genotyped  HEX  49°C  GS17  IP9  Genotyped  TET  53°C  TTG ATA AAT GAG TGT CCT GAA CCC TAG CTG TAA ATA AGT GTT  IP11  Low diversity  6-FAM  63°C  GS12  IP13  Genotyped  TET  51°C  GS22  IP15  Genotyped  TET  53°C  GS26  IP21 Genotyped 6-FAM 53°C ATG CCC ACC GAG AAA AGA CA GCC CAG CCA TCA CCC TCA CC Polymerase chain reaction (PCR) amplifications of microsatellite loci were performed in 14 µl final reaction volume (in ddH 2 O), containing 0.3 µl of 40 mM dNTPs, 0.3 µl of each 10 µM primer, 1.5 µl Taq DNA Polymerase 10X buffer with 15mM MgCl 2 , 0.15 µl Taq DNA polymerase in Storage Buffer A (5 U/µl; Promega, Madison, Wisconsin), and 1.13 µl (~22.5 ng; loci IP9, IP15) or 1.5 µl (~30 ng; other loci) of DNA extract. One primer from each primer pair was fluorescently labeled with 6-FAM, TET, or HEX. PCR cycling conditions consisted of denaturation for 5 min at 95°C, followed by 33-34 cycles of 30 s of denaturing at 94°C, 30 s of annealing at 49-63°C (see Table 1 ), and 45 s of extension at 72°C. Reactions were completed with a final extension of 5 min at 72°C. Six primer pairs amplified loci with sufficient allelic diversity to allow genotyping all individuals; 1 additional locus (IP11) was genotyped for 32 individuals but had low allelic diversity (Table 1) and thus was not included in paternity analyses. For genotyping, PCR products were diluted (typically 1:4) in ddH 2 O and mixed with GENESCAN trademark-500 TAMRA trademark size standard (Applied Biosystems, Foster City, California), formamide, and GENESCAN trademark TAMRA loading buffer. Samples were run on an ABI Prism 377 DNA Sequencer (Perkin Elmer, Waltham, Massachusetts) for 3 h, and the gel file was analyzed and allele sizes were determined using GENESCAN registered 3.1 software.
Genetic analyses.-Genetic data were obtained in 2 separate years, with a spring flood in the 2nd year that killed the majority of resident squirrels. In 2003, 9 litters (44 offspring; litter size range = 2-7) were produced by known mothers. Genotypes were obtained from young (N = 4) in 1 additional litter with 11 candidate mothers; the mother of this litter was identified genetically before paternity analyses were conducted (see below). GENALEX was used to perform an allele frequency analysis to determine whether there was a significant change in allele frequency between 2003 and 2004 . In this analysis, individuals from 2003 were treated as 1 population and those from 2004 as a separate population. The program did not allow for repeat sampling and thus the 6 individuals that were present in our genetic data set in both years were only entered as part of the 2003 population. The final analysis generated a value of F st = 0.024 (P < 0.05), indicating that allele frequencies differed significantly between years and thus the 2 study seasons were analyzed separately.
INEST (Chybicki and Burczyk 2009 ) was used to determine both the coefficient of inbreeding and the frequencies of any null alleles in the study population. All analyses were run using a Bayesian approach (IIM) and the nfb model, where n is the frequency of null alleles, f is the inbreeding coefficient, and b is the frequency of genotyping failures. INEST generates 2 estimates of inbreeding-Mean F and Avg(F i ). Mean F refers to the average of the prior distribution, which represents the theoretical inbreeding level of the population from which the sample was taken. Avg(F i ) refers to the mean inbreeding coefficient for the genotypes sampled.
Paternity assignment.-Expected and observed heterozygosities at each locus, as well as calculations of Hardy-Weinberg equilibrium, were calculated in CERVUS v. 3.0.3 using default settings. Separate paternity analyses were performed for 2003 and 2004 using CERVUS v. 3.0.3 (Marshall et al. 1998 Kalinowski et al. 2007 ) and COLONY 2.0.5.0 (Jones and Wang 2010) . In CERVUS, the candidate male with the highest probability of paternity (> 80% probability) for a given juvenile became the assigned father. For the litter for which maternity was not known, only candidate females with > 80% probability of being the mother of each juvenile in the litter were considered. Only 1 female met this criterion for all offspring; this female had the highest probability of maternity for 2 juveniles and the 2nd highest probability of maternity for the other 2 juveniles. Consequently, this female was designated the mother of this litter.
To determine whether the outcomes of our paternity analyses were sensitive to the parameters input into CERVUS, a series of analyses were run in which either the proportion of candidate fathers sampled or the genotyping error rate was varied. For the proportion of candidate fathers sampled, the values tested were 0.90, 0.80, and 0.50; for the genotypic error rate, the values tested were 0.01 and 0.05. Varying the proportion of candidate sires sampled did not substantively affect the identities of the males assigned as fathers or the associated certainties of paternity. Paternity assignments, however, were sensitive to error rate, with the 2 values considered generating marked differences in the certainties of assignment of candidate fathers (data not presented). Based on these analyses, the proportion of candidate fathers sampled was set at 0.80 and the genotyping error rate was set to 0.01; this error rate resulted in fewer assignments, but with each successful assignment made at a higher confidence level. Finally, because locus IP1 had a high probability of null alleles (see results), parentage analyses were run both with and without this locus (i.e., using N = 6 and N = 5 loci, respectively).
The paternity of many juveniles remained undetermined. To explore whether this outcome reflected unsampled candidate males in the population, we performed a series of analyses in which assigned fathers were individually removed from the candidate pool and paternity assignments then repeated. For each male eliminated, we then evaluated changes in paternity for offspring that had previously been assigned to that male.
To confirm the paternity assignments made with CERVUS, parentage analyses were also evaluated in COLONY with 5 and 6 loci. The probability that the actual father was included in the candidate pool was set at 0.80, the genotyping error rate was set at 0.01, and the allelic dropout rate was set to 0. We allowed inbreeding and multiple mating by both females and males. All other parameters were set to the program default values for the program. Known mother-sibling relationships were included in these analyses, with the probability that the candidate mother was included in the sample set to 1.0.
Results are presented for 3 sets of nested paternity results, of decreasing stringency. The most stringent of our analyses included all instances in which assignment of a male as father was consistent across 4 analytical outputs: CERVUS (N = both 5 and 6 loci) and COLONY (N = both 5 and 6 loci). The intermediate stringency results included all instances when assignment of a male was consistent across CERVUS analyses with 5 and 6 loci. Finally, the least restrictive results included all assignments of paternity made using CERVUS with 5 loci. Analyses comparing paternity to measures of male traits such as body size or behavioral dominance (see below) were performed using the results of the least stringent paternity assignment analyses as well as the intermediate stringency analyses.
Multiple paternity was also assessed using ML-Relate (Kalinowski et al. 2006 ) to estimate mean pairwise relatedness among offspring in each litter. Specifically, genotypes for nonoffspring were used to generate separate allele frequency distributions for 2003 and 2004. Pairwise relatedness was calculated for all individuals (juveniles and adults) in the study population in each year. Mean values of pairwise relatedness among littermates were calculated and were compared to expected values for full-siblings (mean r = 0.50) and half-siblings (mean r < 0.50). Pairwise r-values generated by ML-Relate for known mother-offspring pairs were also examined to confirm that maternity assignments based on spatial and social relationships were correct.
Male dominance and body mass.-All analyses of paternity as a function of male phenotypic traits were restricted to 2003 due to the small number of offspring produced and fathers assigned in 2004. Based on records regarding which individual retreated during male-male interactions, a dominance index for males in the population was generated using David's Score (DS-David 1987) . The formulation used was from Whitehead (2008 ), following de Vries et al. (2006 . This index accounts for unequal numbers of interactions among different dyads as well as potential nonlinearity in the overall dominance hierarchy. Specifically, the index weights the strength of an interaction by the number of observations for that particular dyad and weights dominance (submissiveness) from a given dyadic interaction according to the overall dominance (submissiveness) of the other member of the dyad. Many potential dyadic interactions were never observed and 4 males were never observed interacting with other males; these individuals received a DS of 0.
To determine if dominance was associated with male size, we assessed whether DS was related to male body mass or loss of body mass during the mating season using linear models. Due to the idiosyncrasies associated with trapping specific individuals and the disappearances of some males, there was a large range of dates (4 April-6 June) over which males were first trapped (and their mass first recorded), as well as a large range of dates (12 April-17 June) over which these animals were last trapped before the end of the mating season. First, we determined whether loss of body mass over the mating season was related to initial body mass by dividing the change in mass between the first and last time a male was trapped and weighed by the number of days between those trapping events.
We then examined whether an individual's DS was related to initial body mass or rate of change in body mass, with the date of 1st capture included as a covariate in our regressions. These analyses were repeated excluding data from 3 males with initial trap dates after April (well into the mating season). Exclusion of these individuals produced no qualitative differences in the results of these analyses (results not shown) and thus we present analyses with these males included.
Spatial overlap.-To assess whether paternity was related to the extent of spatial overlap between a male and the female(s) with which he produced offspring (i.e., territory defense polygyny), all observations of foraging behavior for all adults were characterized with respect to the section of the park (i.e., 5 observational zones; see above) in which they occurred. This analysis assumed that animals forage largely within their primary area of activity. A few observations occurred on the border between 2 sections; these observations were counted twice, once for each section. The proportion of all foraging observations in each section of the park was calculated for each individual. Four males were never observed foraging and thus were not included in these analyses.
Because individual females foraged largely within only 1 section of the study site (see results), each juvenile was assigned spatially to the section in which its mother typically foraged. Accordingly, the father of each juvenile (as determined from genetic data) was counted as having sired an offspring in that section of the park. The relationship between paternity and spatial overlap between the mother and father of each juvenile was examined using mixed models in which number of offspring sired per section of the study site was entered as the response variable. The main predictor variable was the proportion of time a male spent foraging in that section (arcsine transformed), with male identity entered as a random effect to account for the multiple values (different sections) per male. Although we also examined the proportion of a male's offspring in each section (arcsine transformed) as the response variable, the resulting models returned negative R-square values, indicating that they were substantially overdescribed and thus inappropriate for exploring patterns of paternity.
Extent of roaming.-In scramble competition systems, the spatial area over which males search for females (referred to here as roaming extent) can be a strong predictor of male reproductive success (Schwagmeyer and Brown 1983) . To examine the effect of this variable on paternity in our study population, we employed the locational data obtained from scan sampling of foraging behavior collected throughout all portions of the study season (26 May-22 August). Although observations of walking and the locations of dyadic interactions may be more directly related to searching for and competing for access to receptive females, these records also seem more likely to be biased by the presence of estrous females in the study population. Instead, observations recorded in contexts not explicitly tied to mating opportunities (e.g., foraging) may be more informative regarding the extent to which males routinely interact with females and assess their reproductive status. Thus, we estimated "roaming" as the proportion of observations of foraging that occurred outside of the section in which a male most commonly foraged. Using this metric, a male that moved extensively throughout all sections of the site would have a high proportion of observations outside of their most commonly used section. Linear regression was used to examine the relationship between number of offspring sired and roaming score. Significance was assessed at the α = 0.05 level. All statistical analyses were performed in JMP registered 12.0.0 (SAS Institute Inc 2015).
results
Paternity assignment.-Each microsatellite locus used in paternity assignment analyses (N = 6) was characterized by 5-7 alleles in 2003 and 2004 (Table 2) . Although observed heterozygosities tended to be lower than expected, no locus displayed a significant departure from Hardy-Weinberg expectations. No evidence of significant inbreeding was observed when genotypes from the 2 years of the study were examined separately or together (INEST analyses, all P > 0.05). Locus IP1 was characterized by a high proportion of null alleles (Table 3) .
Genetic estimates of pairwise relatedness between mothers and juveniles confirmed maternity assignments (r ~ 0.50) based on spatial and behavioral data for all but 5 juveniles sampled (r ~ 0 for 3 mother-offspring pairs; r = 0.25-0.3 for 2 motheroffspring pairs). When examining maternal allelic mismatches (i.e., no shared alleles) across the 67 offspring examined, there were 3 cases where a mother mismatched 1 of her offspring at 1 locus, likely due to mutation or mistyping the offspring at that locus. In 2 cases, there was a mismatch at 1 locus between multiple juveniles (2 or 4) and their putative mother, potentially due to mistyping of the mother. There was additionally 1 case of a mother mismatching 3 offspring across 2 loci and 1 offspring that mismatched its mother at 3 loci. Given that these final mismatches were idiosyncratic, it seems unlikely that mothers were misassigned to whole litters, but some offspring may have been misassigned. The majority of allelic mismatches and associated r-values of < 0.50 were from the 2004 season. Because paternity assignments from 2004 were not included in analyses of male phenotypic traits, these inconsistencies in the genetic data did not influence the behavioral results.
In our most restrictive paternity assignment analyses, only 8 of 48 offspring (16.7%) from 2003 and 3 of 19 offspring (15.8%) from 2004 were consistently assigned the same father using both CERVUS and COLONY and both 5 and 6 loci ( Tables 4 and 5 ). This generally low rate of success appeared to be due to a very low number of paternity assignments by COLONY. In the intermediate stringency analyses (CERVUS only, data from both 5 and 6 loci), consistent paternity assignments were obtained for 15 offspring ( Thus, even our least stringent analyses assigned paternity to only roughly half of the juveniles sampled. Table 2. -Number of alleles, number of individuals typed (n), observed and expected heterozygosity (H obs and H exp ), exclusion probability, and tests of Hardy-Weinberg equilibrium for the 7 microsatellite loci. PIC = polymorphic information content; NE-2P = nonexclusion probability of 2nd parent; HW = P value of Hardy-Weinberg (not Bonferroni corrected); ND = not done. Removing assigned fathers from the candidate pool resulted in formerly assigned offspring becoming "unassigned" in 24 of 37 (65%) of cases, suggesting that the high proportion of unassigned offspring was due to unsampled males. Further, this outcome suggests that the number of living offspring assigned to a male was close to the actual number of offspring that he had sired in the study population. Mother assigned using genotypes. b ML-Relate, mother-offspring r = 0; also had r = 0 with 3 presumed siblings.
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litters. Up to 5 fathers were assigned to juveniles within the same litter (litter size = 5). Pairwise estimates of relatedness for littermates averaged < 0.40 for 7 of 13 litters, suggesting that juveniles in these litters were a mix of full-siblings and half-siblings, as expected if litters were multiply sired. In contrast, mean pairwise relatedness among littermates in the remaining 6 litters was > 0.40. All of these latter litters had 2 or fewer offspring for which paternity could be assigned (litters sizes = 2-7 juveniles). Litters for which only 1-2 offspring had assigned fathers had higher mean pairwise relatedness among littermates (r = 0.51 ± 0.21, N = 7) than those for which a greater number of paternity assignments could be made (r = 0.30 ± 0.21, N = 6). Thus, the high pairwise relatedness in some litters may suggest a greater proportion of full-sibling relationships within these litters than is evident from paternity assignments, or that these litters carried common alleles that made relatedness and paternity computation difficult.
Mass and dominance.-A mean of 18.5 (± 16.8 [SD] ; N = 15 males) dyadic interactions per male was recorded during 2003 (range 0-48 interactions per male). The number of observations per male dyad ranged from 0 to 16. A male's DS was positively related to his body mass at the time of 1st capture ( Fig. 1A; R 2 = 0.65, N = 16; mass, F 1,13 = 9.91, P = 0.008; trapping date, F 1,13 = 4.21, P = 0.06). Males with larger body masses at the start of the breeding season lost more mass over the course of the breeding season (R 2 = 0.65, N = 14; mass, F 1,11 = 5.32, P = 0.04; trapping date, F 1,11 = 3.74, P = 0.08) and, accordingly, DS was positively associated with loss of body mass during the breeding season ( Fig. 1B; R 2 = 0.66, N = 14; mass/day, F 1,11 = 8.52, P = 0.01; trapping date, F 1,11 = 0.26, P = 0.62).
The number of offspring sired, however, was not predicted by body mass when initial capture date was included in the analysis (CERVUS 5 loci: R 2 = 0.42, N = 16; mass, F 1,13 = 2.92, P = 0.11; trapping date, F 1,13 = 2.45, P = 0.14; CERVUS 5 or 6 loci: R 2 = 0.41, N = 16; mass, F 1,13 = 0.41, P = 0.53; trapping date, F 1,13 = 5.77, P = 0.03). Similarly, number of offspring sired was not predicted by mass loss per day over the breeding season (CERVUS 5 loci: R 2 = 0.31, N = 14; mass/day, F 1,11 = 0.11, P = 0.74; trapping date, F 1,11 = 3.24, P = 0.10; CERVUS 5 or 6 loci: R 2 = 0.51, N = 14; mass, F 1,11 = 1.96, P = 0.19; trapping date, F 1,11 = 10.14, P = 0.009). Thus, while larger, more dominant males lost more mass during reproduction, this pattern was not associated with a greater number of offspring sired. Based on our least stringent paternity assignments, the number of offspring assigned to a male was negatively related to his DS (CERVUS 5 loci; Fig. 1C ; R 2 = 0.27, N = 16; DS, F 1,14 = 5.22, P= 0.04); this result was not significant when using the paternity assignments of intermediate stringency (CERVUS 5 and 6 loci; R 2 = 0.20, N = 16; DS, F 1,14 = 3.45, P = 0.08). Thus, DS did appear to affect male reproductive success, but with the least dominant males siring more offspring.
Spatial overlap.-Based on scan sampling data, each male had an average of 24.8 (± 8.4, range 8-35 , N = 12) observations of foraging recorded over an average of 13.8 (± 5.3, range 3-20) separate days (excluding the 4 males with no observations). Each mother had an average of 24.3 (± 10.5, range 9-42, N = 10) observations recorded over an average of 14.3 (± 5.3, range 4-21) separate days. In general, individual females foraged largely within only a single section of the study site (mean of 85 ± 10% of foraging observations within each female's most commonly used section, N = 10 females; Fig. 2A ). In contrast, individual males tended to move more widely, with a mean of ML-Relate, mother-offspring r = 0; also had r ≈ 0 with all presumed siblings. b ML-Relate, mother-offspring r ≈ 0; also had r = 0 with 2 presumed siblings.
59 ± 20% of observations (N = 12 males) within each individual's most commonly used section; one-third of males were observed foraging at least once in every section of the 2.9-ha study site. With regards to paternity, 7 (least restrictive results, CERVUS 5 loci) and 3 (intermediate results, CERVUS, 5 and 6 loci) offspring were assigned to males for which no records of foraging were made. Analyses of data for the remaining 30 juveniles for which paternity was determined revealed that the proportion of time spent foraging in a given section of the site (data arcsine transformed) was not associated with the number of offspring sired in that section (CERVUS 5 loci; R 2 = 0.15, N = 60; foraging proportion, F 1,47.08 = 0.43, P = 0.52; Fig. 2B ; CERVUS 5 and 6 loci; R 2 = 0.21, N = 60; foraging proportion, F 1,47.07 = 0.47, P = 0.50), suggesting that spatial overlap between a male and a female was not a good predictor of paternity.
Extent of roaming.-Number of offspring sired by individual males was positively related to the extent of roaming by each male (CERVUS 5 loci; R 2 = 0.35, N = 12; roaming proportion, F 1,10 = 5.46, P = 0.04; Fig. 2C ). That is, when considering our least restrictive paternity assignments, males that roamed more throughout the park sired a greater total number of offspring. This result, however, was not supported by paternity assignments made in the analyses of intermediate stringency (CERVUS 5 and 6 loci; R 2 = 0.14, N = 12; roaming proportion, F 1,10 = 1.67, P = 0.22). Males that roamed more had lower DS values, although this relationship was not significant at the α = 0.05 level (R 2 = 0.26, N = 12; DS, F 1,10 = 3.50, P = 0.09). These males also had lower body mass at 1st capture (R 2 = 0.48, N = 12; mass, F 1,9 = 7.42, P = 0.02; trapping date, F 1,9 = 0.77, P = 0.40) and lost less body mass during the breeding season (R 2 = 0.47, N = 12; mass/day, F 1,9 = 7.20, P = 0.03; trapping date, F 1,9 = 1.45, P = 0.26). Collectively, these findings suggest that the extent to which a male moved throughout the study site was the best predictor of number of offspring sired.
discussion
The Rio Grande ground squirrel (I. parvidens) differs from many ground squirrel species in having a relatively long mating season; although individual females are in estrous for only a single day, the mating period for the population extends over a period of approximately 2 months (Schwanz 2006; Munroe and Koprowski 2011) . Behavioral observations provided some indications of likely mating system and potential correlates of siring success in this species. Whereas females typically foraged within a single spatial section of the study area, males were often observed foraging in multiple sections, suggesting a greater tendency for spatial roaming by males. Although consistent asymmetries in male-male agonistic interactions were detected and male dominance rank was associated with larger initial body mass and greater loss of mass over the mating season, these parameters were not associated with male reproductive success. Instead, extent of roaming provided the best predictor of male reproductive success, a pattern that is consistent with scramble competition polygyny.
Based on our parentage analyses, the genetic mating system of this species involves a high degree of multiple paternity. This is similar to other squirrels, even those with a social system in which females associate behaviorally with a single male (e.g., Lacey and Wieczorek 2001; Haynie et al. 2003; Cohas et al. 2006; Waterman 2007; Maher and Duron 2010; Raveh et al. 2010; Munroe and Koprowski 2011) . Further, given the apparent low level of sociality in the study species (L. E. Schwanz, pers. obs.) , the high level of multiple paternity reported here is consistent with general trends in social structure and parentage in ground squirrels (Munroe and Koprowski 2011) .
Correlates of male reproductive success.-Reproductive success of males was not based on spatial overlap between males and females (Fig. 2B) , which is contrary to the pattern expected for defense polygyny (e.g., Lacey and Wieczorek 2001; Manno and Dobson 2008; Maher and Duron 2010) . Our spatial data, however, were relatively coarse, both in spatial precision and in behaviors used to quantify space use. Data on dyadic interactions collected on a finer spatial scale would be necessary to assess the extent of core area exclusivity or territory defense. Nevertheless, our data clearly indicate that males roam widely across the park when foraging, which is not consistent with territoriality.
The relationship between dominance and paternity was surprising. In many squirrels, dominant males are heavier and have enhanced mating success (Farentinos 1980; Schwagmeyer and Brown 1983; Waterman 2007) . In this study, however, a greater dominance score did not improve a male's chances of siring offspring. In fact, our data indicate that males with lower dominance scores were more likely to sire offspring (Fig. 1C) . In other sciurids, females may be agonistic toward dominant males and resist their sexual approaches but be receptive to and even solicitous of mating attempts by subordinate males (Farentinos 1980; Koprowski 1993a; Cohas et al. 2006) . Our paternity results for Rio Grande ground squirrels may reflect similar female mating preferences. In addition, female Rio Grande ground squirrels may actively seek out mating partners of high genetic heterozygosity or low relatedness (e.g., alpine marmots- Cohas et al. 2006) , neither of which may be related to male dominance.
We were only able to measure dominance near the end of the mating season, and thus we assumed that dominance scores were consistent across the entire breeding season. Dominance status can change over time (Dunford 1977) , raising the possibility that males that were assigned low dominance scores at the end of the season may have been more dominant earlier in the season and may have secured more fertilizations during this period. This seems unlikely, however, given that the males with highest dominance scores at the end of the season were also those that were largest at the beginning of the season and lost the most mass over the breeding season. Thus, collectively these data suggest that dominance score remains fairly stable across the breeding season.
Our most compelling finding regarding the reproductive behavior of Rio Grande ground squirrels was the positive relationship between roaming extent and male reproductive success. This relationship is similar to that reported for several other rodent species, notably the congeneric thirteen-lined ground squirrel (I. tridecemlineatus) and another low-latitude sciurid, the Cape ground squirrel (Xerus inauris-Schwagmeyer and 586 JOURNAL OF MAMMALOGY Woontner 1986; Waterman 1998 Waterman , 2007 . Specifically, the extent to which a male roamed throughout the park when foraging proved to be a strong predictor of the total number of offspring sired. This form of mating system is consistent with the wide spatial and temporal distribution of estrous females in the study population. Given that each female is in estrus for 1 day a year, with all females coming into estrus across a 2-month time window in the late spring, the local OSR on a given day should be heavily male biased, suggesting that defense of an area is not a successful male strategy. Anecdotal observations of matings during our study revealed interactions between males and females to be similar to those described for thirteen-lined ground squirrels (Schwagmeyer and Woontner 1986) : mating events typically involved 4-5 males chasing each other near a female. In addition, 1 female was observed to mate with 2 males aboveground. Similarity in mating system between the thirteenlined and Rio Grande ground squirrels may partly explain why hybridization seems common between these 2 species in areas of sympatry (Zimmerman and Cothran 1976; Thompson et al. 2014) . Based on our observations, individual male Rio Grande ground squirrels roamed over a large spatial extent, even compared to thirteen-lined ground squirrels (Schwagmeyer and Brown 1983) . This extensive movement raises the possibility that males resident in unmonitored portions of the habitat adjacent to the study area could have made incursions into the study site and sired offspring. If this occurred, it may help explain why many offspring were unassigned to our known, candidate fathers. Future studies that encompass a larger portion of the habitat or that include genetic sampling of males from adjacent (nonfocal) portions of the habitat should prove informative given the full spatial extent of paternity by males.
Mating system of Rio Grande ground squirrels.-Collectively, our results support the conclusion that the mating system of the Rio Grande ground squirrel is best described as scramble competition polygyny. Extensive roaming by males coupled with low dominance status (i.e., "sneaking") appeared to be a more successful male strategy than territory defense or behavioral dominance. Multiple male strategies (e.g., dominant defenders versus subordinate sneakers) based on male age or body condition occur in squirrels (Koprowski 2007; Waterman 2007) . For example, older male gray squirrels (Sciurus carolinensis) are behaviorally dominant and younger, subordinate males act as satellites, waiting for a receptive female to be free from the dominant male (Koprowski 1993a) . Male tactics to enhance mating success may also include spatial association with females prior to estrus, as seen in Columbian ground squirrels (U. columbianus) and Cape ground squirrels (Waterman 1998; Nesterova et al. 2011) . In contrast to our study species, yellow ground squirrels (Spermophilus fulvus), dominant males are heavier, more active and roam more than passive, subordinate males (Vasilieva et al. 2014) . Thus, in contrast to Rio Grande ground squirrels, in most species studied, it is the dominant or larger male squirrels that gain greater reproductive success (Koprowski 1993a (Koprowski , 1993b (Koprowski , 2007 Waterman 1998 Waterman , 2007 Raveh et al. 2010 ; but see Schwagmeyer and Woontner 1986) .
The lack of a positive relationship between dominance and male reproductive success raises the question of why some male Rio Grande ground squirrels invest substantial body reserves into behavioral dominance if that investment does not enhance siring success. One possible explanation is that the expression and success of different mating strategies depends on the density of females or the OSR (e.g., Schwagmeyer and Woontner 1985; Kyle et al. 2007; Waterman 2007) . For example, behavioral dominance may allow male Rio Grande ground squirrels to defend females and secure paternity when male density (or female density) is lower (higher) than during our study. In contrast, when a large density of males are competing for a low density of females, males that invest in behavioral dominance may lose paternity to males that sneak copulations, while the dominant male is engaged in agonistic interactions. Information regarding the relative success of each of these strategies under different demographic conditions as well as understanding of the extent to which individuals males can employ each strategy will required more detailed behavioral observations conducted over additional seasons breeding seasons.
Our discussion of male behavior assumes that paternity directly reflects mating success; this relationship may not hold for several reasons. First, more than half of females failed to wean litters in 2003 (12/22-Schwanz 2006 and thus patterns of paternity we observed may not be typical of all females. While there is no obvious reason why females that failed to wean litters would be more likely to have embryos fathered by dominant males than females that succeeded, we cannot exclude the possibility that dominance is associated with philopatry and, thus, high relatedness to females. Second, mating order is an important determinant of paternity in ground squirrels (Lacey et al. 1997) , with the result that different males mating with the same female may have very different probabilities of paternity. Third, post-mating tactics by females are widely known in rodents, including squirrels (Solomon and Keane 2007) . Through behavior (e.g., sperm plug removal) or physiology (e.g., sperm choice), females may influence which sperm fertilize their eggs. Thus, future studies of the mating system of Rio Grande ground squirrels should consider not only variation in the success of male reproductive strategies, but also the role of female mate preferences and cryptic female choice in determining patterns of male reproductive success.
